). We next analyzed DNA fragmentation and for activation of JNK and apoptosis. The apoptotic activation of caspase-3-like proteases, two key markers signaling was shared by a specific subset of Frizzled of apoptosis [19, 20]. DNA from embryos overexpressing receptors, was inhibited by Wnt5a, and occurred in a Xfz8 showed characteristic internucleosomal fragmenDishevelled-and T cell factor (TCF)-independent mantation ( Figure 2B ). Also, Xfz8 strongly upregulated casner. Thus, our experiments identify a novel Frizzledpase-3-related activity ( Figure 2C ). This effect was dose dependent signaling pathway, which involves JNK and dependent ( Figure 2D Figures 4A-4C) . In contrast, ⌬NC-Xfz8, ⌬C-myr-CT, and ⌬C-Xfz8 failed to significantly activate JNK (Figures 4A-4C ). Since the latter constructs were also defective in triggering apoptosis, these results suggested that the C terminus of Xfz8 is essential for signaling to JNK and that JNK activation may be required for induction of apoptosis by Xfz8. To test this hypothesis, we used a mutated form of SEK1, an upstream kinase that binds and phosphorylates JNK Xwnt5A and ⌬N-Xfz8. Contrary to our expectations, shown). Also, ⌬N-Xtcf3 RNA significantly decreased the frequency of axis duplication induced by Xwnt8 RNA Xwnt5A prevented caspase activation by ⌬N-Xfz8 (Figure 5B) , suggesting that the inhibitory effect of Xwnt5A from 62% to 18% of injected embryos (n ϭ 26 and 29, respectively). These results suggest that the ␤-cateninis not mediated through the ligand binding domain of Xfz8.
signaling by constructing ⌬N-Xfz8 ( Figure 1B) , in which the extracellular part of Xfz8 including the ligand binding domain was deleted. Similar forms of transmembrane receptors may lose ligand dependence and become constitutively active [22] . Consistent with this expectation, ⌬N-Xfz8 had an enhanced ability to induce apoptosis. Compared to wild-type Xfz8, 5-10 times less ⌬N-Xfz8 RNA was sufficient for dose-dependent caspase activation and DNA fragmentation ( Figure 3B and data not shown). This effect of ⌬N-Xfz8 was specifically inhibited by Bcl-2, a conserved anti-apoptotic factor, but not by ␤-galactosidase (data not shown). Similar to ⌬C-Xfz8, ⌬N-Xfz8 with the deleted C-terminal 17 amino acids (⌬NC-Xfz8, Figure 1B ) did not possess significant apoptosis-inducing activity ( Figure 3B ). These observations indicate that the extracellular domain of Xfz8 may be involved in the regulation of the apoptotic activity of Xfz8 and confirm the requirement for the C-terminal sequences.
Activation of JNKs, a family of stress-activated serine/ threonine kinases, is essential for programmed cell death in many contexts [23] . We therefore assessed whether JNK is a target of Xfz8 in the apoptotic pathway. As a positive control, we used a constitutively active form of MEKK1, an upstream regulator of JNK [24] , which strongly increased JNK activity ( Figure 4A ). ⌬N-Xfz8, myr-CT, and wild-type Xfz8 caused significant upregulation of JNK activity ( Figures 4A-4C ). In contrast, ⌬NC-Xfz8, ⌬C-myr-CT, and ⌬C-Xfz8 failed to significantly activate JNK (Figures 4A-4C ). Since the latter constructs were also defective in triggering apoptosis, these results suggested that the C terminus of Xfz8 is essential for signaling to JNK and that JNK activation may be required for induction of apoptosis by Xfz8. To test this hypothesis, we used a mutated form of SEK1, an upstream kinase that binds and phosphorylates JNK (10 pg-1 ng of injected RNAs), synergized with Xfz8 in the apoptotic pathway (data not shown). Moreover, the cytoplasmic tail of Xfz8 and glutathione-S-transXwnt5a, but not Xwnt8, caused significant inhibition of ferase ( Figure 1B ), did not have this effect. These results Xfz8-dependent caspase activity ( Figure 5A ), sugindicate that the cytoplasmic tail of Xfz8 directed to the gesting that Xwnt5a is a negative regulator of apoptosis cell membrane contains the information that is sufficient induced by Xfz8. One possible explanation of the effect for induction of apoptosis.
is that Xwnt5A binds Xfz8 directly to inhibit Xfz8 signalNext, to evaluate the role of the extracellular region ing to apoptosis. If this were the case, Xwnt5A should of Xfz8 in apoptotic signaling, we assessed the involvenot have a negative effect on apoptosis induced by ⌬N-Xfz8. To test this prediction, we coexpressed ment of the extracellular region of Xfz8 in apoptotic Xwnt5A and ⌬N-Xfz8. Contrary to our expectations, shown). Also, ⌬N-Xtcf3 RNA significantly decreased the frequency of axis duplication induced by Xwnt8 RNA Xwnt5A prevented caspase activation by ⌬N-Xfz8 (Figure 5B) , suggesting that the inhibitory effect of Xwnt5A from 62% to 18% of injected embryos (n ϭ 26 and 29, respectively). These results suggest that the ␤-cateninis not mediated through the ligand binding domain of Xfz8.
dependent and convergent extension pathways are not involved in Xfz8-mediated apoptosis. To assess whether signaling to apoptosis requires previously characterized ␤-catenin-mediated and conTo determine whether other Frizzled homologs share with Xfz8 the ability to induce apoptosis, embryos were vergent extension pathways, we used several specific inhibitors. Dominant-negative forms of the Xenopus Dsh injected with RNAs encoding rat Fz1 (rFz1), rat Frizzled 2 (rFz2), human Fz5 (hFz5), and Xenopus Fz7 (Xfz7 Figure 5C ); although, ical abnormalities similar to those caused by Xfz8 ( Figure  5D , 51 out of 56 injected embryos) and activated casat the same dose, both Xdd1 and Dsh-DEPϩ strongly inhibited convergent extension movements (data not pase 3-like proteases ( Figure 5E ). 
